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Germanium Detectors Opportunity

MITLL Microelectronics LaboratoryX-Ray Sensitivity Comparison

Vision: extend the advantages of CCDs (format, noiseé) into new material

ÅGermanium wafers processed in same tools used to 

build silicon detectors for flight missions

ÅElemental high-Z detector material with broadband 

sensitivity
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Path to a Germanium CCD 

Discrete devices provide insights into CCD performance

CCD Viewed Along Charge-Transfer Direction

Germanium substrate
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Estimating Dark Current in a Germanium CCD

High material quality enables conservative dark current target of ~ 1h+/pixel/s at 125 K

Measurements on discrete devices used to estimate dark current

Calculated Dark Current (24 µm pixel) Intrinsic Carrier Concentration Comparison
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Germanium CCD Development at MIT Lincoln 
Laboratory

8 process steps

100 µm features

1st-Generation 

Imagers

2nd-Generation 

Imagers
Test Devices

75 process steps

2 µm features

180 process steps

1 µm features

280 process steps

0.2 µm features

2013 20172015 2020+

> 300 process steps

Ò 0.2 Õm features
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Silicon and Germanium CCD Comparison

400 nm

Pixel Pixel

Serial Register
Serial Register
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Germanium CCDs draw upon long heritage of silicon CCD designs and processes

Silicon CCD Germanium CCD

Gate dielectric 

(GeO2/Al2O3)

Gate dielectric 

(SiO2/Si3N4)
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First-Generation Germanium CCDs

GEDI02

GEDI03

GEDI01

Device 

ID
Format Device Type Output

GEDI01
1024 × 2048, 

8.1 µm pixels

Frame-

transfer

Single-stage 

MOSFET

GEDI02
128 × 128, 8.0 

µm pixels

Orthogonal

transfer

GEDI03
32 × 32, 8.1 

µm pixels
Full-frame

N/A

1 × 32 or 1 ×

1024, 8.1 µm 

pixels

Linear

2
2

 m
m

Linear 

Devices

Linear 

Devices

Simple devices aimed at proof-of-concept rather than particular application
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First-Generation Device Performance

Qualitative Imagery

Å Achieved good performance on small 

pixel arrays

Charge-Transfer Inefficiency (CTI)

Å Steadily approaching values characteristic 

of scientific CCDs

Dark Current

Å Improving dark current with design & 

process modifications
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Effect of Particles on Yield (1 Mpixel CCD)

Metal-1 on SiO2
Metal-1 on Al2O3

(existing system)

Metal-1 on Al2O3

(new system)

Process Shorts/Opens Yield

Metal-1 on SiO2 82%

Metal-1 on Al2O3 (existing 

deposition system)
0%

With Al2O3 (new 

deposition system)
81%

Shorts/Opens Evaluation on Metal MonitorsDefect Maps after Metal-1 Patterning

New Al2O3 deposition system will improve yield, enable large-format germanium CCDs

ÅParticles from existing Al2O3 deposition system cause patterning defects which short phases of device
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Second-Generation Devices

512 Ҏ512 frame-
transfer CCD, 24 µm 

pixels

1 Mpixel frame-
transfer CCD, 8.1 

µm pixels

Fabrication run with new designs has begun, utilizing new Al2O3 deposition system

ÅNew 512 × 512 

frame-transfer 

device with two 

MOSFET outputs

ÅAdditional small 

arrays with one 

MOSFET, one JFET 

output

ÅKey yield 

diagnostic testable 

at metal-1


